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SUMMARY

Thi~ report contains the results obtained at the Langley Uemorial Aeronautical Laboratory
on an N. A. 0. A. U-6 a irjoil, jitied w“th a $ap and ailerons, and tested in the rim-able density
wind tunnel at a density oj .20 atmospheres. Airfoil characteristics are gicen for the model up to
48° angle of attack with. t%ejlap w at carious angles, and also with the ailerons set at similar angle~.
The apprcxcimaie lift distribution and the center of pressure wn-iation along the span are determined
with the model at 18° angle. of attack and w-iii the ailerons displaced 20”. Apprwimate roZling
moment and yawing moment coej%ienk are determined for the various a~ieron settings.

A comparison oj the calculated angles of zero lijt and the cakula~ed lifi and moment coejiiients
un”i’hthose obserced is giren in the appendix.

INTRODUCTION

The N. A. C. A. M-6 is a good airfoil section, stabIe in pitch and with very smaH center of
pressure travel. Consequent& in its adoption in airplane design, some knowledge of its
behavior under the action of ailerons or of a flap seems desirable. This is particuhrly true
in regard to the center of pressure travel. As no sidar tests have been conducted under
full-scale ocmditions, this series was undertaken by the Aerodynamics Staff of the Langley
Memorial Aeronautical Laboratory in their variable density wind tunnel. To obtain, at the
same time, the effectt of cent.roIs; that is, flap or ailerons, at high angles, the range of investiga-
tion was made to extend from zero Lift to an angle of attack of -!-48°.

THE TEST

The model was a 6-inch by 36-inch durahmnin airfoil of the N. A. C. A. M-6 section. A
flap and two ailerons were constructed along the trding edge, see Figures 1 to 4. The ailerons
were one-quarter span each in length; and the flap consisted of the remaining porfiion of the
trailing edge between the ailerons. In the tests with ~he flap, the ailerons were set.in line as
if integral with the flap. In the aiIeron tests, the flap was set neutral and the ailerons were set
both up or both down. Consequent.ly, in these latter tests, the balance readings were approxi-
mately equivalent to double those for a semispan.

The airfoiI was mounted in the tunnel in the usual manner except that slight modifications
were necessary in some parts of the apparatus to obtain a range of angle of attack from – 20°
tO +48°.

The tests cousisted in setting the flap or ailerons to the desired angle and, after compressing
the air in the tank to 20 atmospheres, making a normal test, recording data for Iift, drag, and
pitching moment. Because of the limited counterweight on the standard drag bakmee, 40
~ograms, the t+ts had to be rm ~ ~WO parts, the second of which was run with an additional

counterweight of 50 kilograms added. Consequently, observations in which the gross drag
amounted to between 40 and 50 kilograms had to be omitted.

RESULTS

The results of this series of tests are gi-ren in Tables I to XVII and in charts, Figures 5 to 20.
The general airfoil characteristics, (7A, CD, Qx (about the quarter chord), and IJD are given in
Tables I to VIII, inclusi~e, at all angles of attack, one table for each Hap setting, –20°, – 10°,
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–5°, 0°, + 5°, + 10°, +-20°, arid +25°. Similarly, Tables IX to XV contain the character-
istics for the model with different aileron settings, both ailerorts at – 20°, – 10°, – 5°, 0°, -1-5°,
+ 10°, and +20°. No corrections have been made for tunnel walI interference. Applying
the Prandtl formula, the data given herein are correct for an effective aspect ratio of 7.318,
whereas the geometrical aspect ratio of the model was 6.00.

Figures 5 and 6 show the true polar (lift-and drag coefficient-to the same scale) curves for
the tests with the ffap and with the ailerons, respectively; Figures 7, 8 arid 9, 10 show the lift

and drag coefficients plotted against- the angle of attack. The effect of flap or aileron setting
is seen to be uniform in regard to both the lift and the drag. The angle of zero lifti varies uni-
formly with the flap angle ihrough its main range. The rate of change-of the ]ift coe~cient, ~LJ

FIG.2.—N.A. C. A. M-6 airfoilwith flaps23”upFIO.I.—NT.A. C. A. M-6 airfoilwith 20per cent fl~ps

1!

8

Fro. 3.—N.A. C. A M-6 airfoilwith flaps20°down

J L —.

Fro. 4.—>’,A. C. A. ET-Gairfoilwith aileronscikplmedZ9°

‘Q= for the various conditions is practically constant, verifying that thewith angle of attack, ~, —
da ‘

‘0= f an airfoil is independent, or nearly independent of the shape of the sechion. Figure 18
Z“

shows the variation with flap angle of the maximum lift coefficient, the angle of zero lift, and the
total lift-angle from zero lift to the burble point.

The pitching moment coefficients, about the quarter chord, and the curves of center of pres-
sure travel are given in Figures 1I, 12 and 13, 14, respectively, plotted against a for all the various
flap and aileron settings.

Figure 15 shows the variation of the center of pressure across the span for the angle of attack
of 18° (immediately before the burble point) and an aileron displacement–of 20°. It was
determined by first assuming a lift distribution along the span, see Figure 16; then computing
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the lift distribution with the ailerons displaced. This was done by assuming that tJw tottil
lift, of the se.mispan equals one-half that determined from the aileron tests; and that the lift
coefficient at the center is equal to the lift coefficient of the airfoil with the flap neutral, and the
lift coefficient at the extreme tip equals that of the model with the flap at +20° or – 20° as
the case may be. The pitching moment coefficient, L7M,was also treated in a similar manner,
see I?igure 17. The C. P. curie was then determined from these curves by the use of the formula:

(7. P.= 25% –-$? looy~

The above formula holds approximately true for the usual range of lift, The C. P. travel
is also given (fig. 15) for neutral ailerons. The aileron effect.- is seen to be large at the outer
portion of the airfoil.

Curves showing the variation of rolling and yawning moment coefficients with ailero~ angle
are given in Figures 19 and f/o. In each case these ~alues were determined by taking one-half
of the difference of the lift and drag values for the up and the down aileron tests and rnultiplying
this quantity by a lever arm equal to the distance from the center of the aileron to the center
of the airfoil in terms of the span, or:

(7.(+20°) – 0.(–20°)
Rolling moment coefficient, CL’= -- 2 --- X3/8 (spans)

Yawing moment coefficient, C~=
CD(+ zoo) – (7D(– 20°)

2
X3/8 (spans)

DISC! USSION

The N. A. C. A. M-6 airfoil section is a stable section in its original form, but when equipped
with a flap, its stability characteristics are greatly altered by any change of the position of the

flap. The center of pressure travel varies considerably for various flap settings and should be
taken into account in designs where ailerons or flaps me used.

From the polar curves and also from the curves of rolling moment coefficient it may be seen
that there is still adequate lateral control avdable at high angles by the use of ailerons provided
the yawing tendency can be overcome.

The results given herein have been obtained at 20 atmospheres density and are therefore
approximately equivalent to full dynamic scale.

APPENDIX

COMPARWON OF THE hZEASURED AND COMPUTED CHARACTERISTICS OF THE M6 AIRFOILWITH FLAPSI

The preceding report–ccmtains information about the air forces on an airfoil with a flap,
obtained for the first time from force measurement tests simulating full scale conditions. It
is of special interest to use such particularly valuable information to throw further light on the
aerodynamic theory, and in turn to use the theory to interpret the experimental information.
Accordingly, the angle of attack of zero lift and angle of attack of zero moment were computed
by means of .Munk’s integrals, (Reference 2.) These angles were then compared with the
observed values,

For this computation the chord is chosen so that-it passes through the traihg edge at the
point z= +1, i= O, and its length, so that the leading edge is on the Iine a= – 1. ~ denotes
the ordinates of the mean curve; that is, the curve which is equidistant fr?m the upper and
lower curves of the section. The angle of zero lift is then given by:

The angle at which the moment about the origin (.50 per cent chord) is zero is given by:

s

+1
2 Xtdx

ct’o= ——
7r

-1
~

‘
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In the case of a symmetrical section with a flap the mean curve is a broken Iine as sho-wn
in Figure 21.

The value of the angles of zero lift and moment are then

Cos–1)j+l/1-~2~o= —_. tan D
r

(20s-1 h —h~l – L*~fo = — --- tan &
%_

where 13is the angle of displacement of the flap and h is the abscissa of the hinge as shown in
the figure, or:

&-Emx g
!S+ECOS p

where S and E are the lengths of the chords of the stabilizer and elevator, respectively, or in
the present case, the fixed part of the airfoil and the flap.

If the mean curve of the base section is not a
straight line it is necessary to correct the angles as
given above by adding to them the corresponding

~. .1 ~=fi x=+1 angles computed for the undeformed section. These
angles were determined by the method given in

FIG.21 Reference 1.

T.4BLE XVIII
. --- — .—
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-—-.–.–..==
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Table XITIII gi~es the computed angles of zero lift and moment, and ako the measured
angles, for comparison. Columns giving the value OXK and the ratio of its measured to its
computed value are also given. II is the coefficient which gives the effect of elevator turning
(Reference 2) according to the equation: ~

a‘ffective=E: /S ‘P

a effective is the angle of attack of the whole undeformed airfoil which has the same effect as
turning the flap by an angle P; as before, E denotes th~ chord of the elevator and S, the chord
of the stabilizer, For small values of (?, the theoretical value of K is

~=E+S COS-lh_~_. =
—.

E r

-.. ----
. .=—.

~=s–b’

S+E “-

From this expression the theoretical value of -K is 2.75 for 20 per cent flaps. The ratio
of the value of E deduced from the experiments to the above theoretical value is given in
column 5 of Table XVIII as a measure of the efficiency of the elevator. These ratios indicate
that the efficiency of the elevator is greatest for smalI displacements and larger when the dis-
placement is down rather than up, The fact that tha elevator effect, as compared with the
effect as given by the theoretical calculation, falls off rapidly when the displacement angle is
over 10°, is shown by both the figures in Table XITIII and the curve in Figure .22.
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From the computed angles of zero moment and zero lift, the theoretically constant value
of the moment coefficient, CM, about the quarter chord point was fou~d. (Reference 1.)

where 2Z is the. theoretical sIope of the lift curve for two dimensional flow. The computed
values of (7U are plotted in Figure 23 together with the values as determined from the
experiments.

Ang[e ofat?ack,cf

—

~G. 22- Ccmparisorr oftlmtheoreticalrnth thenreasmrel FIG. 23.–CamparLWnof the themetiefdvrith the measuredwJrres
angksofzerolift inrelationto theHapdispIaceme&angIa of momentcoefiiciemfm Tm’ousflap &.placementrmgfm

.~ in the case of the lift, displacing the flap produced a smaIIer change in the moment
coefficient than the change indicated by the tbeoretical cdcuktion, especially for large flap
displacement angles. The moment coefficient as determined from the tests is in agreement
with the~theory inasmuch as it is approximately independent of the angle of attack below the
burble point. Above this point the theory, of course, does not apply so it is not surprishg
to find that the value of the moment coefficient falk off.

In order to throw some
light on what w-asconsidered
a rather large discrepancy
between obser~ed and com-
puted angks of zero lift, the
flow pattern around the air-
foil vi-as studied near the
angle of zero lift. The flap
was set down 20” and the
airfofl placed in a 6-inch wind
tunnel so that the end of the
wing rested on a plate which
was coated with lamp black
and kerosene. The airfoil
was set at an angle with the
air stream corresponding to

FIG.24.—FIowpattern around airfo~at tbeareticalangleof zerolfft

the computed anile of z&o lift. The resulting pattern, a photograph of -which w-HIbe found
in Figure 24, reveaIs at once the reason for the discrepancy between the observed and com-
puted angles of zero lift..

The burble region arising at the hinge and extending back over the upper surface of the
flap destroys the smooth flow and the lift on the Hap so that the total experimental Liffiis ~ega-
ti-re in this position jnstead of zero as indicated by the theory, which assumes a potential flow.
If there w-ere no irregrdarity in the upper surface curve at the hinge the flow would undoubtedly
approach more nearly the potential flow assumed by the theory and a better agreement with
the theory would ~esult. ,In every case investigated where the drag has been low at the angle
of zero Lift., indicating a close approach to a potential flow-, the measured angle of zero lift has
been found to be very near its theoretical value. The theory then shoxs in this case that a
consider~ble part of the elevator effect from the flap is lost because of the surface irregularity
between the wing and the flap.



152 REPORT

1. ?VIUNK, h!hx M.
Report No. 142. 1922.

2. MUNK, MAX M.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

REFERENCES

General Theory of Thin Wing Sections. N. A. C. A.. Technical

The Determination of the Angles of Attack of Zero Lift and of Zero
Moment Based on Munk’s Integrals. N, A. C. A. Technical Note No. 122. 1923,

TABIJE I

Span. _-.-_ ._-_ -_--- .__. ___--. ____-—_ 91.44 cm. I Test ATO.202.
chord ----------------------------------- 15.24 cm. Ai;f:~P~. A. C. A. M–6 (6” by 36”) tith 20 per cent
Area __________________________________ . 1393m%.

1 Average tank pressure, 20.6 atmospheres.
Average dynamic pressure, 590 kg/m~.
Average Reynolds N’umber, 3,890,000.

—.
FLAPS SET 20”UP

CD

0.0308
.0257
.0233
.0235
.0238
.0270
.0340
.0437
.0588
, 0804
.1227
.1676
.2612

: 2::!
5534

: :%:

Degrees i/D
~...

_8j.51

–4. 82
+.77

6. OS
.11.64

14.74
15.47
15.15
13.18
10.47

6.,80
& 85
g,y?.
1.64
1.31
1.11
1.00
“..”85

—---

.“

7+67. 2
+120. 9
— 586.5 i

–55. 7
–19.4 J

–8.2 :

+?;’

11:7 ,
12.6 I
18.3
19.6
21.8
23.3
31.0
32.0
33.3

–O. 262
–. 124
+: p:

.277

.398

.526

.662

.775

.842

.835

.813

.602

.530

.533

.592

.605

.572

+0: ;:;

.123

.117

.123

.131

.134

.114

.128

.109

.101

.054

.035

.020

–: u
–. 060
–. 074

TABLE 11

S an----- ___------— --------------- 91.44 cm.
&oral -------------------------- 15.24 em. Amfod N. A. C. A. M-6 (6” by 36”) with 20 per cent

T:st~O. 201.

Area ------------------------------------ .. 1393 mz. c flaps.
Average tank pressure, 20.6 “
Average “’ “ pressure,
Average ISumber,4,130,000,

FLAPS SET 10”UP

CL L/D I CM
.. ...

.. ..—.:_. / ~
– X4. 0’7 6068

–7. 67 .065
+5. 04 074
15.00 :077
19.61 v .07’3,
20.04
19.09 : %
17.07 .086
15.11 079
12.86 :066

9.33 .048

..

De~ees CD

–0. 242
–. 099
-J-. ()):

.349

.505

.647
787

:920
1.040
1.084
1.054
.971
.735
.684
.705
.721
.697
.659

+53. 1
+91. o

–m. $

+~ :

14, 2
13.9
16.2
la 5
20.5
23.6
26.0
29.7 /
30.9
32.8
340
36.8
3s. 9

I
20
22
24
28

6.05
4.21
‘2..31 !
L 75 ]
1,39 !

.:.% I -
..~~<.
=.

.015
–. 010
–. 034
–. 045
–. 067
—. 084
–. 115
–. 137

.2306

.3179
, 3909.
.5088
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TABLE 111

Span -------------------------------- SlL44 cm. Test NO. 200.
Chord _______________________________ 15=24 cm. Airfoil N’.2.. C. A. M-6 (6” by 36”] wi~h20percen~
Area----_-----_---__.__------—_____ .E393 m’. Gflaps.

Average tank presure, 20.5 a~mospher*.
Average dynamic pressure, 615 kg/m%.
Average Reynolds Xumber, 4,150,000.

FLAPS SET 5“ UP

\
.L)D I Ckf

De~ees CL .-

t

—’7. 23 t 0.0390.0130
. 010s
.0131
.0165
- (3234
.0341
-0444
.0:90
. 0/61
.0972

1426
. 19s4
.2608
.3472
.4215
.5242
. 6~40

6977
: 7s34

o
2

–o. 094
+. 064

.211

.353

.502

.:55

. (95

.936
L 070
1. 16S
1.187
L 153
~ og
. ;00
. :4s
. ~67
. :5*
. /26
.690

+5. 93 .037
16.11 -041
2J_.39 044
21.4-5 :046
19.21 .046
19.90 .035
15. S6 .034
14.06 .032
12.02 .029

8-32 –. 036
5. SI –. 031
3.99 –. 0S8
2.30 –- 0s3
L 78 —. 074

4
6

20.5 _..

28

L 46 –. 106
L 21 –. 132
L 04 –. 151

. 8s —-. 154

3s. 5
40.0
39.74s

TABLE IV

Span __________ .—-------- 91.44cm.
I

Test No. 19!.
Chord ------------------------------- 15.2=l cm. .woil K. A.C.A. M-6(6’* by36”) tiih 20 per cent
k@_ _______________________________

-------------

.1393m~. c IlapA.
Average tank prmsure, 20.S atmospheres.
Average dynamic pressure,620kg/m~.
~verage ReynoW Xumber,4,1S0,000.

FLAPS SET AT c?”

“D&!3
+0. 013

—. 002
–. 012
+. 010

.015
-032
.010

—. 001
+. 031

.001

. 01s

. 00s
—. 072
–. 094
–. 057
–. 0s0
–. 139
—. 179
—. 191

—4 27
-!-10. 7]

22.71
24.67
2% 12
21.17
18.54
16.28
14.47
12. w
11.12

7.73

54.4
26.9
29.9
22. ~

1“– 0.044
+. 106

.243

.407

.550

.690

. S36

.972
L 10i
L 233
1.310
1. 30s
L 227
L 0S2
. ss~
.824
.863
. S3S
. ycJ
5 /a9

22.3
21.4
23. S
25.1
221

s

. .- .-–. ..
.-.

I

I

I

249
23.6
24.4
30.9
33.5

22
24
2s
32
36

5-17 1

1
I

3.62
2. 2s
L 73
L 41
L 21

i
40
44
4s

L 04
.91 —.203 ! 43.1

I I

9i29i-~11
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TABLE V

Span ------------------------------- 9L44 cm. Test No. 196.
Chord -------------------------------- 15.24 cm. Airr:il~N. A. C. A. hi–6 (6” lJy 36”) with 20percerIt c

. 1393m2. -.Area --------------------------------
Ave;age tank pleasure, 20.6 atmospheres.
Average dynamic pressures, 620kg/mz.
AveFage Reynolds Number, 4,205,000.

FLAPS SET 5°DOWN
——

De~rees CD

0.0134
.0103
.0102
.0123
.0174
.0256
.0346
.0464
.0621
.0780
.0971
.1179
.1496
, 2090
, 2682
.3282
.4227
.5028
.6208
.7190
.7793
.8476

.-=

—

.. .

C. F’. per ~
cent chord

I

. I
–i. 150

–: .027
-i-7130-

.277

.418

.573

–11.19
–~ 62

+12. 74

W% i

– O. 008
–. 043
–. 045
–. 032
–. 027
–. 030
–. 019
—. 016
–. 020
–. 003
—. 008
–. 024
–. 013
–. 056
–. 027
–, 073
–. 132’
–. 126
–. 18.5
–. 188
–.-235
–:216

+19.6 i
–145.4 I

+::: \

31:5 ;
30.2 i
27. ?
26.9
27.0 ;
25.3
25.6 I
26.9
25.9
29.0 j
27.1 I

22.38 f
20.43 ;
18.34
15.96

: M
1:‘%
L 250
1.344
L 401
L 402
1.317
L 158
.931
.872

1:
12

i 14
16

2?

1445
12:87
11.40
9.36
6.71
4.91
3:53
2.32
L 73
L 41
L 17
1; 02
.87

22
24
28

?3

31.2
38.0
37.5
42.3
4L 9

. 46.1
44.3

.875

.841

.794

.740

40
44
48

f —

TABLE VI

Span -------------------------------- 91.44 cm. Test No. 197.
Chord ------------------------------- 15.24 cm. Airfoil N. A. C. A. hi–6 (6” by 36”) with~20per~cel]t

.1393 mi. c flaps.
Average tank pressure, 20.7 atmospheres.
Average dynamiepressure, 623kg/mz.
Average Reynolds Number, 4,320,000.

Area ---------------------------------

FLAPS SET 10”DOWN

I.’cL
De&ees ~

–8 –O. 127
–6 –. 002

,
L/D-

– 9.34
–. 17

+12. 70
20.;~4
2L.99
21.74
19:38
17.35
15.63
13.-89
12,75
11..38
10.22

8. ‘~3
5.97
2.97
2.09
~. 64
L 35
L 18
L 02
. g6

.-. _

C.W c. P.

O. 0136
.0118
.0122
.0148
.0201

: M:
.0491
.0627
.0796
.0971

: M%
. 183g
.2424

–o. 09i?
–. 094
–, 094
–. 092
–. 092
–. 085
-.082
–. 071
–. 066
–. 077
–. 08S

—51. 6
+ 1765.0

–4 +. 155
.304
.442
.574
.715
.852
.980

L 106
1.238
L 350
L 453
L 494
L 447
L 116

ti6. 3
55.2
45.8
39.8
36.5
33.3
31.7
32.0
32.2
29.8
30.7
30.3
34.8
38, 0
42.9
39. g
40.5
41.3
42.3
40.5

4

14
16

:;
24
28 ‘
32

–. 065
–. Ogl
–. 077
–. 142
–. 152
–. 190
–. 157

.3752

.4621

.5561

.6757

.....%
.8816

.964

.912
910._

.874

.824

.761

36
40
44
48

–. 176
—. 186
–. 200
–:239I

— -.I



AIRFCIG SECTION 155

(6’’ by 36”] with 20~er cent

EFFECT OF A FLAP AND MZEROIGS OX THE N. A. C. A. 31–6

T.%BLE }’11

,Span ------ . _----------------- —------ 91.44 cm.
I

Tesi NO. 198.
Chord -------------------------------- 15.24 cm. .Mrfoil N. .A. (2. A. M-6
Area -------------------------------- . 1393mz. I cffzms.

.l~era~e tank presstire, 20.8 atmospheres.
Ayerage dynamic pressure, 620 kgJm2.
A-rerage Reynolds Number, 4,170,CO0.

FLAPS SET 20”DOWX
-.

LfD

I

~ c P.
CM ! per cent

f chord
I

I
I
I

–o. 03s
+. 100

.226

.359

.490.
-:64
. [34

S96
1:027
1.157
L 293

0-0197
.0203
.0237

: u
.0424
.0549
.0665
. 0s07
. G953
.1168

— 1.93
+4. 93

9.54
13.15
14.24
14. ?2
13.73
13. ~~
12.73
12.14
11.07

–o. 150 \ –11.s
–. 147 } +178.4
—. 147 91.0
–. 131
–. 141
–. 130
–. 146
–. 123
—. 130
–. 116
—. 112

62-0
53.8
45.8

-.

L 40s 1363
1.521 : :1606
L 631 ; . 1S66
L 650 .2343
1. 5s9 ! .2945

10.33 : —. 112
9; ~~ t —. 132
%74 : —- 123
7.04 ; —. 103
5.40 —- 140

---_

2. %3 ; —. 144
2. 2s –. 189

35.9
41.0

---------- +_------__—_
L 012 ~ . ylo
-959

1
(133

.904 “ 7931
s52 ~ : s729

i 7s7
I ~‘*63

I---------- -- ——-------

L 58 ! —. 214
L 34 r –. 203
L 14 I –. 233

----—--—-
42.7
42.0
44.4
45.-i
45.6

—

TABLE VIII.

Span ------------------------------- 9L44 cm-
Chord _______________________________ 15.24 cm=
Area ------------------------------- .1393m~.

Test No.199.
Airfoil N. A. C. A. M-6(6’’ by36’’) with 20~per Cent C

flaps.
.-

A\-erage tanfi pressure, 20.6 atmospheres.
A>-erage dynamic pressure, 613k~m~.
Average Rejmolds Number, 4,110,000.

FLAPS SET 29 DOWX

CL c.3f

–o. 124
+-- 020

.169

. 29S

.442
576

:702
.855

L 001
L 129
L 250
1. 3s9
L 510
L 619
1.703
L 71s
L 605
L 231
1.112

0-0327
.0314
.0317
.0351
. 040s
.0484
. Oyo
. 0[05
- 0s51

—3. 79
+. 64

5.33
s. 49

10- S3
11.90
12.32
12.13
11.76

–O. 167
—- 162
—.161
–.161
–. 159
–. 146
—. 169
“–. 134
–. 144

– 105.3
+1161. O

+ 124.4
so. 3
6L 3
50.5
48-1
40.6
39.3

-1009
. 11s0
-1405
.1613
. 1s49
. 209s
- 25s1
.3336
. $60S
. a144

11.19
10.59

9. S9
9.36
S. 76

–. 140
—. 127
–. 133
—. 143

37.3
35.2
34.6
34, 5
33.9—. 144

—- 165
—- 153
–. 1s4
–. 337
–. 227

.
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TABLE IX--

Span --------------------------------- 91.44 cm.
I

Test NO. 20S.
Cl]ord. -.-__ .-__. =__________________ 15.24 cm. AirfoiINi. A. C. A. iW-6 (6” bs 36”) Witli 20rx2r cent c
Area---._------.___-_L--__---_..---=== .1393mk.

. . ,
flaps.

Average tank pressure, 20.4 atumspheres.
Average dynamie pressure, 602kg/mZ.
Average Reynolds Numberj 4,100,000.

AILERONS SET 20°DOWN

c. P.
per cent

chord
CM

- ~;62
+ g.. 02

B<37
12...22
11,:33
14.58
13.99
13.32
12.33
1L .43
10.50

9..56
~,.-3l
6..16
3.11
2.04
1.60
1.37
L 16
.98
.88

\ _6

–4
–2
o
2
4

– 0.103
+< 043

.195

.336
‘. 4s3

-i: 068
-.057
–. 074
–. 057
.–. 053
–. 058
–. 059
–. 059
–. 059
–. 055

0.0223
.0213
.0233
.0275
.0337
.0437
.0552
.0686
. 0S62
.1044
.1252
, 1494
.1819
, 2384
.3741
.4659
.5863
.6804
.7746
. S698
.9042

–39. 5
-J-162. 5

63.0
42.0
;:: I

32:6
31.5 :
30.5 I
29.6 ~

.
-: %

914
~ 063
L 193

I

1, 315
1.429

I :!:

.948

.936

.932

.901

–. 053
–. 071
—. 059
–, 092
—. 134

29.0 ~
30.1 ~
28.9 ~
31.3 ~
36.1
42.5
44.4
47’.4 1

. 47.2
46.0
4L 4

t

. .

–. 1s3
—. 215
~: ;::

–. 256
–. 233
.1“856

.792
i [ .=. &._

TABLE X

Span --------------------------------- 91.44 cm.
Chord -------------------------------- 15.24 cm.
.4rea ----------------------------------- .1393mf.

Test No.207.
Airfoil N. A. C.A. M-6 (6’’ by 36”) wi’dF20pereentc

flaps.
Average tank pressure, 20.6 atmospheres.
Average ;, ,’ pressure, 610 lig/m~.
Average . Number, 4,130,000.

AHXRON9SET 10”DOWN

deg;ees

——

–4
–2

;
4
6
s

I 10

1

12
14
16
18
20
24
28
32
36

::
48

CL

–o. 051
j-. 087

.240

.390

.536

.679

.821

~: ::;

1.219
;. :3:

1:413
1.135
.916
.878
.891
.868
.835
.775

““1””1
O. 0108 –4.’72 –::(): ] –13s.0

i--, ;; + 67.3
—. 044 43.3

Ii 40 –. 034
1’385 –. 031
18.70 –. 039
16.72 –. 030

.0131

.0147

.0201

.0270

.0363

.0491

33.7
30.8
30.8
28.7
26.9
27.3
27.8

.27.3
;: ;

3<7
40.2
45.5
41.2
42.4
42.9
46.4

.0635

.0S16

.0990

.1219

.1472

.2011

.3280

.4206
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TABLE XI

Span ---------------------------------- 9L44cm.
Chid -------------------------------- 15.24 cm.
Area _________________________________ .1393m~.

Testi Xo. 206.
AirfoiLX. A. C. .A. M–6(6’’ by36’’) with 20 percent c

flaps.
Average tad pressure, 20.7 atmosphere.
Average d-y-mimic pressure, 622 I@rn’.
Average Reynolds Number, 4,200,000.

AILEROXSSET & DOViX

C. P. per
cent chordde~ees

0-0135
.0122
.0122
.0151
.0207
.0294
.0407
.0545
.0687
. 08s0
.1086
.1319
. 1S62
.3130
.4075
.4904
.6208
. ~159
. /902
.8465

– 10.00
+1. 23

13.93
20.86
22.66
20.75
1s. 45

-16-37
15.02
13.25
11.83
10-40

7.37
3.50

–o. 135
+.. 015.

: M
.469

610
:751
- S92

L 032
L 166

– O. 023
–. 027
—. 023
–. 018
–. 031
–- 015
–. 013
–. 025
–. 009
—. 007
–. 008
–. 043
–. 132
–. 166
–. 149
–- 171
–. 119
–. 193
–. 198
–. 210

L 2S5
L 372
L 372
L ::;

.853

. 8?2

.858

.816

2.16
1.74
L 41
L 20
1.03
.89

42.4
43.5.755

TABLE XII

span -------------------------------- 91.44 cm. Ted No.194.
Chord ------------------------------- 15.24 cm. &irfoil X. A. C. A.31G6 (6” by 36”) with 20 percent
Area -------------------------------- .1393 ma. c flaps.

A.\-erage tank pressure, 20. S atmospheres.
Averagedynamie pressure,620kg/ras.
Average Reynolds Number, 4,M0,000.

AILERONS SET AT O“

De~rees L/L?

–0.044 { 0.0103
+:;:: ; .0099

0107
.43; ; :0165

0228
:690 ~ : 0326

0451
;Mj I :0597

0765
L233 :095S
L 310 1178
L 308 :1692
L 227 .2374
L 0S2 2991
. 8S2 ‘ :3868
.824 .4751
.863 .6134
. 83S 6925
.800 :7660
.755 . S315

–4. 27
+10. 71

z~+ 71
~~ 67
24.12

. 21.17
1s. 54
16. 2S
1447
ti. 87
H. 12

7.73
5.17
3.62
2.28
L 73
1.41
L 21
1.04
.91

+0. 013
–. 002
–. 012

54.4
26-9
29.9

+-. 010
+. 015
-1-. 032
+. 010
–. 001
+. 031

22-5
22.3
21.4
23.8
25.1
22.1
24.9
23.6
244
30.9
33.5
31.0

-j-. 001
+. 018
+. 00s
—. 072
–. 094
–. 057

x
22
24
28
32

.-
—. 0s0 33.4

3& 1
41.7
42.3
43.1

—. 139
—- 179
–. 191
–. 203

.

.
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TABLE XIII

Span _______________________________ 91.44 cm. ~
Chord_-.-_______--._— __________ 15.24 cm. !
Area-_--_-__-______— _________________ .1393 rn2. ~

Test No. 205.
Airfo~l N. A. C. A. M-6 (6” by 36”) with 20 percent

c flaps.
Average tank pressure, 20.6 atoms heres.

fAveraged ynamicpressure, 600kgmi.
Average Rey”nokk Number, 3,990,000.

Degrees

o

-:
6

1:
12
14
16

;:
22
24
28
32
36
40
$4

.41LERONSSET 5°UP

! I -/” “

cl, t CD

0.002 , .0. 0113
.162 . .0122
.30g ; ;:;;:
.455 ?
.Lj96 j .0273

0380
:42 ; : 0520

1.024 0654
1.144 i :0840
L 207 .1098
1.192 .1521
1.141 .2162
L 033 .2758
.813 .3701
.770 .4359
.793 .5673
.796 .6508
.758 .7335
.722 . l!3037

U.–18 ~ 0.019
13.2g : .013
2i.39 * .023
23.21~E.B3 :;;:’

l!T.58 .029
16.98 1 .021
1.5.66 .011
13.62 ~ .033
10.99 ; .026

7.84 —. 020
5.2S [ –. 020
3.74 –. 095
2.20 –. 093
L 77 –: 106
1.40 –. 126
1.22 i –. 141
1.03 ‘ —. 167
.90 ] –. 16S

[-—
48

I

TABLE XIV

Span ---------------------------------- 91.44 cm.
Chord ________________________________ 15.24 cm.
Area--__-___.._____-----_------l-.-=- .1393mz.

i

o
2

–O. 065
+; ;:;

.383

.526

.676

. glo

i“!%
1.171
1.163
L 121
1.008
.793

I .742
---------- .

.739

. 73g

.710
I

– 925.0
+17. o

17.5
21.9
23.3

26.7
26.8
32.0
35.3
37.0
37.9
38.7
40.8
40.6

. -—— --
–.

.=—

.
————

Test No. 204.
Airfoil N. A. C. A. M-6 (6” by 36”) with 20per cent

c flaps.
A.verage tank pressure, 20.6 atmospheres..
Average dynamic pressure, 610kg/mz.
Average Reynolds Number, 4,150,000.

AILERONS SET 10”UP
—.-

1-
C. I L/D

t
0.0150 –L33

.0140 +$:79

.0153 15.75

.0191 20.05

.0254 20.71

0465 I ;;:
.0353

:0608 ,1 li 67
.0769 14.12
.0955 12.26
.1451 & .02
.2015 5.56
.2600 $ 3.88

3519 % “25
.4286

..”
1.73

“L
-------------—--—--

6196 1..19
7091 1.04

: 798g_ 89

0.031
.037
.041
.043
.041
,056
.043
.055
.031
; olt3
.01’3

–. 028
-.059
–. 074
-.074

---e ----- .
–. 134
–, 131
—. 150

c. P.
Per cent

chord

72.7
–14, 2

+8. O
13.$3
17.2
16.6
19.6
19.1
22.0
21.2
23.4
27.5
30.8
33.5
33.7

------- . -
38.9
37.8
39.0

— —

---

-.+,

.
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TABLE XV

span--. _.__ -__: __---__: _____________ 91.44 c-m.
Chord _______________________________ 15.24 CID.

Area________________________________ .1393 m~.

Test No. 203.
.AirfoiIN. A.C.A. M-6(6’’ by36”) with 20per cent

c flaps.
Average tank pressure 20.6 atmospheres.
Average d.ynamicpres-mre, 611 kg/mS.
Average Reynolds Number, +110,000.

AILERONS SET 20’UP

.,
c. P.

per cent
chord

I
0.$:

.CM

.062

.060

.063

.068

.061

.057

.059

.030
–. 001
–. 050

64.4
205.6
–3. 6
+5. 1

11.4
14.2
15.3
17.6
19.0 1

—o. 137
+. 01s

.169

.311

.440

. :s1
i07

.835

1: %;
L 067
L 030

949
:736
.672
.654

---------- .
.665
.654

0.025s
.0227
. l)g34
.0252
.0291
.0358
.0438
.0550
. 068S
.0853
.1279
.1800
.2312
. 325+
. 395s
.4821

-—-—-----
.6595
.7471

–5- 31
+-. 79
7.22

12.34
15-12
16.23
16.14
15. 1s
:: g

s. 34
5.72
410

19.3 L
22.1
25.1
30.3
29.42.26 –. 035

L 70 –. 059
1.36 ~ –. 052

32.5
31.4 I , ——

---------- ~_________
L 01 –. 093
.Sg j —- 132

I

_----—----
34.9
3s. 3

TABLE XVI

VARIAmON OF .C’~’, CX, arid C. P. ALORG SPAX a= +18°

t
Ailercms-NTeuiraI Aileron*20°*I

,—
I

CJ4 C. P. per
cent chordCL? C. P. per ~ CL’cent chord ICL’

0-00

E
1:24
1. 29s
L 32
L 33
L 33s
L 34
L 34
1.34
L 33,

--------
1.33

----- —--
L 32
L 29s
L 24
. 8s
-62
.00

I
.- .-

0.0
.5

HI
~ 5.0

10.0
t 20.0

30.0
I 40.0

50.0
60.0
70. 0

I 75.0

i :;:
90.0

, 95.0
, 97.5

I 99.0
99.5

1 100-0

–o. 13!.T I —a I -.—
IL ----—---- -- ——------ 1

–. 130
–. 129
—. l~s
–. 114
–. 052
+. 002

.014
-016 1
. ;:; ~

.067 \

. 0ss ~

: W I
. 11s ,

---—-----
33.3 ~
32.9
32-7 ~
32.0 ‘
2s. 4 !
24.9 ~
24G0 ,
23. S ~
22. s ~
2L O
1S- 7 i

15. s ;
12.9 ,
10.4

9.0 ~

-—

,.-.——.....
..

[ L---------- ---------- ,

I---—---------------.L21 +&! t

,

* Down aiIeron, O to 25 per cent of span. -
Up aileron, 75 to 100 per cent of span.
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TABLE XVII

MOMEXTS CAUSED BY AILERONS

CL’=%Cl?=x
qbS

RolIingmomC~t coefEcient

Deg;ees
.Ailerons Ailerons

5° ~ 10° ‘E’ns

II +-----+
0.0315 ~ 0.0572

~
O. 0885

! . 02S7 .0553 .0870
14 . 030z .0553 . o~77
1: : g;; ::::: : ;g;

10 .0278 .0550 .0904

~ ;! : ~; : g: : ~~~

I;; l :0309 :04S8 :0855
0337 .0469 .0750

24 : :0116 .0238 .0401
28 ; .0129 .0231 .0398
32 .0156 . 049.5
36 .0148 ..-R!.- :0521

0116 .0242 ----------
:: :0109 .0182 ,0356
48 .0062 .0122 .0259

.4ERONAUTICS

-

Yawing moment coefficient

Ailerons
5°

0.00017
.00054
.00118

CN

.?@erons
10°

0. ::)::,

00219
.00184 :00322
.00251 .00461
.00309 .00529
.00313

00656

.00424 , :00716

.0Ci461 .00S43

.00414 :

.00639
I

: N%:
.00696 01275
.00700. ~ :01286
.01020
.01002 -_-_!E’-
.01220 .0204.0
.01062 .ol&35
.00g02 .01560

Ailerons
20°

0. 00!)32
.00206
.00380
.00562
.00740
.00945
.01136
.01316
.01510
.01810
.02070
.02CJ30
.02(335
.03570
.03717

--------- .
.03945
.02945

—

.._ . ———.--—.. .-

1

. .. .


